Synthesis investigations of naphthoquinone compounds
have shown that chlorinations at certain positions can enhance in vivo antitumor activity1) or increase therapeutic windows in treatment of fungal infection.2) In natural products, the chlorinated naphthoquinone moieties were found in several members of naphthomycin group3,4) as part of large ansa-macrolide structures, and in 3-chloroplumbagin.5) In our continuing search for lead compounds from natural sources for development of new antibiotics,6,7)
we examined culture LL-A9227, a strain of Streptomyces. A small aromatic antibiotic, chloroquinocin (1, Fig. 1 ), which contained a 2-chloro-3-hydroxy-naphtho-1,4-quinone moiety, was isolated from liquid cultures of the organism. In this paper, the production, isolation, structural elucidation, and antibiotic activity of 1 are reported. Table 1 , 1H and 13C NMR spectral data in Table 2 , and circular dichroism (CD) spectrum is shown in Figure 2 .
The molecular formula of chloroquinocin (1) was determined to be C17H15ClO5 by high-resolution Fourier a -Exchanged in D2O. The remaining unaccounted elements were three oxygen, one chlorine, one hydrogen, and four carbon atoms. The latter were also indicated by quaternary 13C NMR signals at could best be assigned to a 2-chloro-3-hydroxy-naphtho-1,4-quinone moiety (note the change of numbering from 1).
In the HMBC spectrum, the strong 3-bond correlation at 175.36 was observed, which placed the electron donating hydroxyl group at C-8, and therefore chlorine at C-9. The carbon C-10 at 184.58 indicated that both these OH and C=O groups were associated with a hydrogen bond. The structural elucidation of 1 was thus completed.
Chloroquinocin (1) exhibited moderate in vitro activity against Gram-positive bacteria, including methicillinresistant Staphylococcus aureus. Chloroquinocin showed weak activity for the Gram-negative bacterium Escherichia coli (imp) and no activity for the yeast Candida albicans.
The minimum inhibition concentration (MIC) data obtained by the broth dilution method are listed in Table 3 .
In summary, we have isolated and identified a new chlorinated naphthoquinone compound, chloroquinocin (1), from fermentation broth of LL-A9227. To our knowledge, the 2-chloro-3-hydroxy-naphtho-1,4-quinone moiety contained in this compound has not been reported previously in natural products. Its biological properties, other than antimicrobial activity, will be investigated. methanol to obtain a pink band at 1.0-1.5 liters. The material (42.0mg) from this fraction was separated by particle size), using a linear gradient of 60-100% acetonitrile/water containing 0.01% TFA in 20 minutes to obtain a broad peak centered at 11.0 minutes, which was further purified by HPLC, using a gradient of 85-100% methanol/water containing 0.01% TFA to afford chloroquinocin (1, 3.6mg).
